proanthocyanidins. The mean degree of polymerization was also significantly (P< 0.001) affected by a time x NaOH concentration interaction. Overall, the length of the 198 reaction time had the greatest effect on all parameters followed by NaOH 199 concentration.
200
The highest proanthocyanidin content (2.17 g/100 g dry weight; cv = 4.3%) was (1), epigallocatechin (2) and epicatechin (4) were obtained with 1 M NaOH and 5 or 214 15 min reaction times. However, the differences were not significant and standard Figure 3B ).
260
Without the NaOH treatment, direct thiolysis of the plant materials yielded 3.1 and 261 0.4 g proanthocyanidins/100 g dry weight for fresh and ensiled samples, respectively 262 (Table 1 ). In comparison, the acetone−butanol−HCl assay gave much higher values 263 of 4.7 and 3.9 g/100 g dry weight for these samples. However, when the ensiled 264 sample was first treated with NaOH and then thiolyzed, proanthocyanidin content 265 increased from 0.4 g to 2.2 g/100 g dry weight in the silage. It can also be seen that 266 the sum of acetone/water extractable (0.4 g/100 g dry weight) plus residual (1.9 267 g/100 g dry weight) proanthocyanidins was comparable to the directly determined 268 result in the silage (2.3 g vs 2.2 g/100 g dry weight).
269
NaOH facilitated the release of prodelphinidins (69.9% with NaOH vs 50.1% without 270 NaOH) and of larger proanthocyanidin polymers (mean degree of polymerization-values of 9.1 vs 4.4) from the silage and a similar trend can be seen in the NaOH-272 treated plant residue. Table 2 shows that these changes stemmed from a 10-fold 273 increase in the concentration of epigallocatechin (2) extension units (1.2 vs 12.7 274 mg/g) and a 2-to 4-fold increase in all other flavan-3-ol concentrations. Taken   275 together, the results demonstrate that NaOH facilitated especially the release of 276 larger prodelphinidins from the residue, and that ensiling profoundly reduced 277 proanthocyanidin extractability. This NaOH/thiolysis reaction was then also applied 278 to other sainfoin silages, which had proanthocyanidins that had proved completely 279 resistant to thiolysis, and the results are shown in Table 3 .
280
Ensiling caused proanthocyanidin contents to fall by 29% from 3.1 g in the fresh to 281 2.2 g/100 g dry weight in the ensiled sample (Table 1) , whereas a loss of 17% from 282 4.7 g to 3.9 g/100 g dry weight was found with the acetone-butanol-HCl reagent.
283
These results are in line with other studies that reported lower proanthocyanidin 284 contents after ensiling. 5 However, there is also some evidence that ensiling can 285 produce variable results, as others 7 found no change in proanthocyanidin content 286 when birdsfoot trefoil or sulla were ensiled; although it is worth pointing out that 287 these authors had used an HCl-butanol method, which yields lower total 288 proanthocyanidin contents than the acetone-HCl-butanol method used here. 16 
289
Ensiling appears to affect mainly extractable proanthocyanidins, which accounted for 290 81% in the fresh but for only 18% in the ensiled samples. This implies that ensiling 291 substantially increased the proportion of residual or bound proanthocyanidins (Table   292 1) and is in accord with literature data. 7, 8, 21 It would appear that NaOH affected the (Tables 1 and 3) .
However, ensiling appears to have caused hardly any changes in the composition of 296 the assayable proanthocyanidins (Table 2 ). In agreement with the literature, 297 epigallocatechin (2) and epicatechin (4) extension units accounted for the majority of 298 flavan-3-ols in sainfoin proanthocyanidins 22, 23 and residues contained a higher 299 percentage of prodelphinidins than extracts (Table 1) . 10 
300
Whilst purified proanthocyanidins were readily degraded by NaOH (Figure 2 ) and 301 several reaction products (peaks a to g) were detected, there was some evidence 302 that proanthocyanidins in the fresh sample were also degraded by NaOH (Table 1) 
313
It would appear that in the absence of a NaOH pre-treatment, benzyl mercaptan 314 reacted mainly with the extractable proanthocyanidins, as the quantities were the 315 same, i.e. 0.4 g/100 g for the ensiled plant and acetone/water extract (Table 1) .
316
Benzyl mercaptan also seemed to react preferentially with procyanidins rather than 317 prodelphinidins in all samples, as shown by the higher procyanidin percentages 318 (31% in fresh and 50% in ensiled plants), which were almost identical for the whole 319 plants and the extracts (Table 1) . This might be due to the fact that procyanidins were more soluble in acetone/water than prodelphinidins in these samples and 321 seems to suggest that proanthocyanidins need to be 'free' in order to react with 322 benzyl mercaptan. An alternative explanation for these procyanidin-prodelphinidin 323 differences could be that interflavanyl links were more difficult to break with benzyl 
365
Sodium hydroxide (0.1 to 10 M NaOH under nitrogen for 30 to 60 min) 36 
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